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Description

TECHNICAL FIELD

[0001] This invention concerns an ink composition for ink-jet printing, and in particular for thermal type ink-jet printing,
in which an image is formed on a medium by the deposition of droplets of ink expelled by a printhead through one or
more nozzles following application of an electric signal to an electrothermal transducer.

BACKGROUND ART

[0002] The technique employed in this particular type of printing technology (Thermal Ink-Jet, generally abbreviated
TIJ) is well known and is described in numerous publications and Patents; in short, the TIJ technology uses thermal
energy to expel droplets of ink towards the paper.
[0003] The energy is supplied by a resistor which, located at the bottom of an expulsion chamber, brings the ink
situated above it to boiling point; the gaseous bubble thus formed pushes the ink above until it is expelled through a
nozzle on to the paper. During the expulsion process, a meniscus of liquid is formed in the region of each nozzle which,
by breaking and reforming again, regulates proper formation and expulsion of the droplet of ink.
[0004] The ink is contained in a ink reservoir, including for example a porous medium, from which it flows in controlled
manner towards the expulsion chamber; the reservoir may be an integral part of the head or may be a separate object,
connecting to the printhead, as in the case of the refillable heads.
[0005] In the TIJ technology specific, specially formulated inks are used to offer a plurality of precise requirements
such as, for example, the following:

1. chemical/physical properties suitable for the technology in question, i.e. pH between 7.5 and 8.5, viscosity
varying from 1 to 5 mPa x second @ 25 °C, surface tension ranging from 25 to 50 dyne/cm @ 25 °C,
2. complete thermal stability so as not to form insoluble residues on the resistor element during the heating process,
3. capable of producing high quality images on the widest range of papers and, in general, on various print media,
4. good properties of interaction (fixing) with the print medium and therefore good performance in terms of resist-
ance to water and light,
5. drying times allowing manipulation of the sheet immediately after printing,
6. perfect operation of the printhead all throughout the product's life,
7. stability in time from the chemical/physical and microbiological viewpoints,
8. completely compatible with the other materials comprising the printhead,
9. absolutely safe to use, in consideration of both the user and the surrounding environment.

[0006] Ink compositions are known in the technique that possess the above properties to varying degrees, such as,
for example, those described in the United States Patents No. US 5,098,476; US 5,106,416; US 5,156,675; US
5,165,968 and US 5,188,664.
[0007] However, as all these inks are formulated with an aqueous base and dyes that are soluble in the base, the
drying speed and water resistance are not always completely satisfactory even when the print medium (paper) used
is of good quality; then when coming to print on types of paper such as, for example, "recycled" papers, the print quality
that is obtained from the known inks is not satisfactory.
[0008] With particular regard to drying speed, it is known that the inks typically used in this type of technology are
characterized by a water content of about 90% which, though print quality and optical density are good, inevitably leads
to lengthy drying times.
[0009] Drying time, in fact, is essentially linked to the speed of evaporation and penetration in the print medium for
like quantities of ink; the solution in which the amount of ink expelled is reduced and smaller droplets are used means
that drying time decreases but at the same time leads to undesirable reductions of optical density and, more generally,
of contrast on the medium.
[0010] However, different formulations are known in which evaporation speed is increased, for example by adding
to the ink large amounts of volatile substances, typically short-chain alcohols, but this solution also has the drawback
that optical density is greatly diminished.
[0011] Also, addition of these substances often results in decreased decap time; decap time is the amount of time
elapsing before the ink, on exposure to air in the region of the printhead nozzles, solidifies and can no longer be expelled
or is not expelled properly. The above-mentioned substances, which greatly increase vapor pressure of the ink, have
a negative impact on this factor, which is extremely important for the operation of ink-jet printheads.
[0012] Other formulations are also known that promote an increase in the amount of penetration, obtained by the
addition of surface-active agents; however, in this case, as well as a sharp decrease in optical density, print quality is
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also often poorer in terms of definition, of feathering (i.e. the tendency of the ink to spread through the paper fibers)
and pass-through (the phenomenon wherein the ink passes right through the sheet of paper so that the printed char-
acters are also visible from the rear side of the sheet).
[0013] US. Patent No.4,508,570 discloses ink jet ink compositions comprising colorants, liquid solvents and water
soluble non-ionic surfactants, used mainly to stabilise the dye in the water solution, evidencing good recording with
high sharpness and non spreading on conventional types of papers. The inks compositions are limited to those having
a surface tension of at least 40 dyne/cm, that are not found to give satisfactory print quality when printing on types of
papers such as recycle paper.
[0014] As regards water resistance, using dyes that are soluble in water, though this on the one hand guarantee
stability of the ink over long periods without any precipitations forming, on the other hand entails poor resistance of the
dyes in question to water.
[0015] As a solution to this problem, use was proposed of inks containing not dyes soluble in water but pigments
which, as is known, are absolutely insoluble in water. These pigmented inks, however, have two drawbacks: stability
over time of the pigment dispersion and drying time.
[0016] Stable dispersions, in fact, require use of an amount of co-solvent which inevitably greatly impairs drying time.
Moreover, the addition of surface-active agents, as well as being critical for the reasons already examined regarding
water-soluble dyes, is also a factor having a destabilizing effect on pigment dispersions (as illustrated, for example, in
United States Patent No. US 5,169,436).
[0017] A final critical aspect regarding the inks known today, as mentioned earlier, derives from the possibility of
using a wide range of print papers, for example recycled papers, produced not from virgin raw materials but from
salvage materials.
[0018] This feature has recently become particularly important. Whereas the ink-jet printer market up to now has
been geared towards use of plain papers, with which the current inks provide average-to-good quality printing on a
wide range of papers marketed as "Xerographic" paper (i.e originally intended for the market of photocopiers using
the Xerographic technology), the recent spread of these recycled papers together with the increased use of laser
printers (on which, as is known, use of recycled papers presents no particular difficulties) has created new expectations
among users of ink-jet printers as well.
[0019] The problem of using recycled papers has not yet been fully solved from the viewpoint of formulating valid
inks for ink-jet printers, for it is true that the current inks produce an unacceptable level of print quality on this type
medium, mainly because of interaction with the fibers of the paper which leads to extensive "feathering" and a con-
spicuous loss of definition.
[0020] The current situation can be best be illustrated by way of two examples of ink compositions, identified as
"Standard 1" and "Standard 2", which represent the state of the art, and their principal properties.

[0021] This example has the following properties (significance of these properties and how they are easured will be
described in detail later):

- pH : 8
- surface tension : 44.5 dyne/cm
- viscosity : 1.3 mPa x s
- drying time : 80 s
- water resistance : DL* = 27.0
- "feathering"

on Xerographic paper: 5
on recycled paper: 1

- definition : good

Ink composition "Standard 1"

Diethylene glycol 5.0 % by weight
Food Black 2 3.0 % "
Surfynol 104 E 0.05 % "
Phosphate buffer 2.5 % "
Preventol D6 0.1 % "
Deionized water 89.35 % "
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- print quality on recycled paper: very poor.

[0022] It has the following properties:

- pH : 8
- surface tension : 43.0 dyne/cm
- viscosity : 1.3 mPa x s
- drying time : 70 s
- water resistance : DL* = 3.8
- "feathering"

on Xerographic paper: 5
on recycled paper: 1

- definition : good
- print quality on recycled paper: very poor.

[0023] From the foregoing examples, it is clear, as previously stated, that drying time, water resistance and usability
of recycled papers represent a problem with the current inks.

SUMMARY OF THE INVENTION

[0024] The scope of this invention is to define the composition of an ink for thermal ink-jet printing that allows drying
time to be reduced, permitting the printed sheet to be handled immediately, and at the same time ensuring high quality
printing, high definition and high level optical density.
[0025] Another scope of this invention is to define the composition of an ink for thermal ink-jet printing that consid-
erably improves the water resistance of dyes that are soluble in water.
[0026] A futher scope of this invention is that of defining the composition of an ink for thermal ink-jet printing with
which very high quality printing can be obtained even when the types of paper used as the print medium are of lower
quality than Xerographic papers, more particularly, when recycled paper is used.
[0027] A further scope of this invention is that of defining the composition of an ink for thermal ink-jet printing that
permits normal functioning of the printhead all through its effective life, avoiding the formation of insoluble crusts on
the electrothermal transducer that provides the energy for expulsion of the drop of ink.
[0028] These scopes are achieved by using an ink for thermal ink-jet printing, with the composition as defined in the
main claim.
[0029] These and other features of the invention will be evident in the description that follows of preferred embodi-
ments, provided by way of example without limiting the scope to any extent.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] The inks for thermal ink-jet printing are generally composed of:

1. -an aqueous solution,
2. -a solvent, or better a mixture thereof, soluble in the water with a vapor pressure lower than that of the water
(often termed a co-solvent),
3. -a dye, or mixture thereof, soluble in the co-solvent,

Ink composition "Standard 2"

Diethylene glycol 5.0 % by weight
ProJet Fast Black 2 0.5 % "
Bayscript Schwarz N01 2.0 % "
Surfynol 104 E 0.05 % "
Phosphate buffer 2.5 % "
Preventol D6 0.1 % "
Deionized water 89.85 % "



EP 0 690 107 B1

5

5

10

15

20

25

30

35

40

45

50

55

4. -a surface-active agent, or mixture thereof,
5. -a pH regulator (otherwise called a buffer),
6. -a viscosity modifier,
7. -a biocide.

[0031] The specific ink-jet ink composition described in this invention consists of one or more water soluble dyes,
with a water solubility of more than 4% in order to guarantee the stability of the ink over long periods of time, dissolved
in an aqueous vehicle comprising a surface-active system.
The surface-active system consists of three non-ionic surface-active agents and more particularly:

a) one surface active-agent with high HLB, registering between 16 and 18 on the scale of Griffin's Hydrophile-
Lypophile Balance
b) two surface-active agents with a lower HLB, of between 10 and 14 on the Griffin's scale,

and has the characteristic to impart to the ink improved drying time, water resistance and good print quality on various
types of supports, including recycle papers, besides being stable in time, compatible with TIJ printing and without in
any way impairing the performances of the printhead.
The aqueous vehicle may also include, as is commonly practised in the art: 1) one or more water soluble organic
solvents with low vapour pressure, 2) a pH regulator, 3) a biocide and 4) a viscosity modifier, in order to achieve the
chemicals and physicals characteristics required to the ink.
[0032] The specific composition of the ink described in this invention envisages use of the following substances, in
the percentages stated:

1.- AQUEOUS SOLUTION.

[0033] Consisting of water deionized at 18 Mohm, used in percentages ranging from 70 to 90%, preferably between
75 and 85%.

2.- CO-SOLVENT.

[0034] Consisting of organic solvents soluble in water, characterized by their high boiling points and low vapor pres-
sure, examples being: glycols with low molecular weight such as ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, Carbowax 200, pentanediol, hexanediol, etc; glycol ethers soluble in water such as methyl-, ethyl-,
butyl cellosolve, methyl-, ethyl-, butyl carbitol, etc.; glycerol; 2-pyrrolidone, N-methyl-2-pyrrolidone, N-(2-hydroxyethyl)-
2-pyrrolidone.
[0035] Use of one of the foregoing solvents or a mixture of them is justified both by the need for low levels of evap-
oration of the ink in the region of the nozzles over even lengthy periods of inactivity of the printhead and the need to
improve the solubility property of the dye in the aqueous solution.
[0036] The organic solvent is used in percentages ranging from 1 to 10% and preferably between 2 and 7%, guar-
anteeing low levels of evaporation of the ink in the region of the nozzles and not impairing performance of the ink in
terms of drying time.

3.- DYE.

[0037] Consisting of dyes with a solubility in water of more than 4%, among which are the black dyes Food Black 2,
Bayscript Schwarz N01 (Registered Trade Mark of Bayer), ProJet Black 1 and ProJet Fast Black 2 (Registered Trade
Marks of ZENECA).
[0038] To produce colored inks (and in particular, the colors cyan, yellow and magenta), good use may be made of
dyes such as Acid Blue 9, Direct Blue 86, Direct Blue 199, Acid Yellow 23, Direct Yellow 86, Acid Red 52 and Acid Red
249.
[0039] These dyes have been used in percentages ranging from 0.5 to 4%, preferably between 2.0 and 3.5%.

4.- SURFACE-ACTIVE AGENT.

[0040] The surface-active system used in this invention consists of 3 non-ionic, surface-active agents, more partic-
ularly:

a) 1 surface-active agent with high HLB, registering between 16 and 18 on the scale of Griffin's Hydrophile-Ly-
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pophile Balance;
b) 2 surface-active agents with a lower HLB, of between 10 and 14 on the Griffin scale.

[0041] In particular, pairs of surface-active agents with different HLB values are used with the aim of stabilizing the
third surface-active agent in aqueous solutions. The pair of stabilizer surface-active agents is selected from among
the fatty ethoxylate-alcohols or the nonylphenol-ethoxylate-alcohols: the preference is for the fatty ethoxylate-alcohols,
especially the family of Brij (Registered Trade Mark of Atlas Powder), used in percentages ranging from 0.5% to 3%,
preferably between 0.5 and 2%.
[0042] The third surface-active agent is the diethylene-glycol mono-hexyl ether, used in percentages ranging from
1 to 15%, preferably between 2 and 8%.
[0043] This system of 3 surface-active agents produces surface tensions of between 25 and 45 dyne/cm, preferably
between 25 and 38 dyne/cm and even more preferably between 28 and 34 dyne/cm.
[0044] The mix of 3 surface-active agents employed in the invention is stable in time and compatible with TIJ printing,
and does not have a negative influence on formation of the meniscus during expulsion of the droplet of ink.

5.- BUFFER.

[0045] Acts as a pH regulator, keeping the pH in the desired range: compounds good at doing this are phosphates,
borates, carbonates, sodium acetates, potassium acetates, ammonium acetates.

6.- VISCOSITY MODIFIER.

[0046] The viscosity modifier was selected from among those compatible with TIJ type printing; the following com-
pounds in particular may be used for this purpose: polyvinyl pyrrolidone, polyglycols of high molecular weight, amides.

7.- BIOCIDE.

[0047] Commercially available biocides are used; particularly used is a mix of semyphormal glycol and isothiazolinons
(Preventol D6, Registered Trade Mark of Bayer) and 1,2 benzoisothiazolin-3-on (Proxel, Registered Trade Mark of ICI).
[0048] Different ink compositions were prepared by the inventors, with components and the percentages employed
varying as described above; the chemical and physical properties of each ink composition were set down initially by
reading and recording the values of pH, surface tension and viscosity, measured using the following instruments:

a) - pH - measured using a Metrohm pHmeter (mod. 654),
b) - viscosity - measured @ 25 °C with a Contraves viscometer (mod. 115) and expressed in mPa x second,
c) - surface tension - measured @ 25 °C with a Kruss Tensiometer (mod. K10) and expressed in dyne/cm.

[0049] Printing tests were then made using different printheads fitted on commercially produced printers, with printing
frequency of between 2400 and 5000 Hz, ink volumes expelled per drop of between 100 and 200 pI approximately
and definition of 300 dots per inch. In particular, Olivetti-produced printheads were used fitted on printer models JP
150 and JP 350, again produced by Olivetti: in this case, the volume of ink expelled for all the tests was preferably of
approximately 160 pl, whereas printing frequency was of 3600 Hz in the case of the JP 350 printer and 2400 Hz on
the JP 150 printer.
[0050] The assessment was made using standard texts printed on 13 commercially-produced reference papers, and
in particular assessement was made of general print quality, of definition with particular focus on graphic symbols, of
water resistance, of drying speed and of "feathering" (the variously marked tendency of the ink to spread through the
fibers of the paper).
[0051] For the latter three characteristics, the test methods and assessment criteria were as follows:

- water resistance : the test was conducted on standard samples (black areas of 5 x 5 cm), measuring optical density
L* with a SpectroGard-Color System colorimeter in CIElab space before and after immersion for 5 minutes in
drinking water, without agitating the sample. Water resistance is then expressed in terms of the difference between
the starting values of L* and the values of L* after immersion (DL*);

- drying speed : the tests were conducted by measuring the time (in seconds) beyond which the ink printed in a
graphic type text cannot be removed by rubbing the printed surface area with a felt cloth;

- "feathering" : assessment was made of normality of the dot, how rotund it was and the variously marked tendency
of the ink to spread through the fibers of the paper; the scale of assessment used was as follows:
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5 : no "feathering", normal dots;
4 : no "feathering", dots slightly less normal;
3 : slight "feathering", with a tendency to spread in fibers only when printing special type graphics;
2 : marked "feathering";
1: print quality unacceptable due to very obvious "feathering".

[0052] By way of illustration, the examples that follow give the exact compositions and the results of some of the
formulations tested; drying times, like all the other aspects of print quality assessed, are with reference to printheads,
as stated earlier, that use, by way of example, single-drop volumes of approximately 160 pl.

Example 1.

[0053] The ink composition in accordance with this invention is as follows:

[0054] The ink with this composition has the following properties:

- pH : 8
- surface tension : 29.6 dyne/cm
- viscosity : 4.5 mPa x s
- drying time : 2 s
- water resistance : DL* = 0.2
- "feathering"

on Xerographic paper: 3
on recycled paper: 3

- definition: good
- print quality on recycled paper: very good

[0055] Comparison with performance of the "Standard 1" and "Standard 2" ink compositions illustrated previously,
reveals considerable improvement when the ink with the mix of 3 surface-active agents in accordance with this invention
is used, both in terms of drying time and of water resistance and also, in general, in terms of use of recycled papers.
[0056] The mix of 3 surface-active agents in accordance with this invention will, in fact, reduces drying time to around
2 seconds and, at the same time, improves the resistance to water of dyes that are soluble in water, without causing
any deterioration of the printing quality (apart from a slightly more marked degree of "feathering" on Xerographic paper,
offset by the considerable improvement on recycled papers), nor in the normal operation of the printhead all through
the product's lifetime.
[0057] In support of this, composition and performance test results are given below of two ink composition, indicated
as "Comparison 1" and "Comparison 2", both containing surface-active agent systems different from those illustrated
in the foregoing, either because they lack one of the three surface-active agents (Comparison 1) or because they
contain a surface-active agent with a HLB lower than the range indicated (Comparison 2):

Diethylene glycol 10.0 % by weight
Bayscript Schwarz N01 2.0 % "
ProJet Fast Black 2 0.5 % "
Diethylene glycol mono-hexyl ether 3.0 % "
Brij HLB 16.9 0.5 % "
Brij HLB 12.9 0.5 % "
Phosphate buffer 2.5 % "
Polyethylene glycol 10000 5.0 % "
Preventol D6 0.1 % "
Deionized water 75.9 % "

Comparison 1 Comparison 2

Diethylene glycol 5.0 % by weight 5.0 % by weight
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[0058] The inks with these compositions have the following properties:

[0059] The experiments conducted by the inventors, on the other hand, reveal that using the mix of 3 surface-active
agents in accordance with this invention brings good results in any event: further, though not all inclusive, examples
of ink compositions in accordance with this invention are illustrated below:

[0060] The inks with these compositions have the following properties:

(continued)

Comparison 1 Comparison 2

Food Black 2 3.0 % " 3.0 % "
Diethylene glycol mono-hexyl ether 1.0 % "
Brij HLB 16.9 0.8 % " 0.8 % "
Brij HLB 4.9 0.2 % " 0.2 % "
Phosphate buffer 2.5 % " 2.5 % "
Polyethylene glycol 10000 5.0 % " 5.0 % "
Preventol D6 0.1 % " 0.1 % "
Deionized water 83.4 % " 82.4 % "

-pH 8 8
- surface tension 37.8 dyne/cm 33.1 dyne/cm
- viscosity 1.4 mPa x s 1.4 mPa x s
- drying time 70 s 60 s
- water resistance DL* = 20.5 DL* = 13.9
- "feathering"

on Xerographic paper 3 3
on recycled paper 3 1

- definition good poor
- print quality

on recycled papers very bad very bad

Example 2 Example 3

Diethylene glycol 5.0 % by weight 5.0 % by weight
Food Black 2 3.0 % " 3.0 % "
Diethylene glycol mono-hexyl ether 3.0 % " 5.0 % "
Brij HLB 16.9 0.5 % " 0.75 % "
Brij HLB 12.9 0.5 % " 0.75 % "
Phosphate buffer 2.5 % " 2.5 % "
Preventol D6 0.1 % " 0.1 % "
Deionized water 85.4 % " 82.9 % "

- pH 8 8
- surface tension 29.6 dyne/cm 29.5 dyne/cm
- viscosity 1.5 mPa x s 1.8 mPa x s
- drying time 2 s 2 s
- water resistance DL* = 11 DL* = 9,8
- "feathering"

on Xerox paper 3 3
on recycled paper 3 3

- definition good good
- print quality
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[0061] The inks with these compositions have the following properties:

[0062] The inks with these compositions have the following properties:

(continued)

on recycled papers very good very good

Example 4 Example 5

Diethylene glycol 5.0 % by weight 5.0 % by weight
Bayscript Schwarz N01 2.0 % " 2.0 % "
ProJet Fast Black 2 0.5 % " 0.5 % "
Diethylene glycol mono-hexyl ether 3.0 % " 3.0 % "
Brij HLB 16.9 0.5 % " 0.5 % "
Brij HLB 12.9 0,5 % " 0.5 % "
Phosphate buffer 2.5 % " 2.5 % "
Polyvinyl pyrrolidone K15 1.0 % "
Amide 10.0 % "
Preventol D6 0.1 % " 0.1 % "
Deionized water 84.9 % " 75.9 % "

- pH 8 8
- surface tension 29.6 dyne/cm 29.6 dyne/cm
- viscosity 1.7 mPa x s 2.4 mPa x s
- drying time 2 s 2 s
- water resistance DL* = 0,1 DL* = 1.4
- "feathering"

on Xerographic paper 3 3
on recycled paper 3 3

- definition average good
- print quality

on recycled papers : very good very good

Example 6 Example 7

Diethylene glycol 5.0 % by weight 5.0 % by weight
Food Black 2 3.0 % "
Bayscript Schwarz N01 2,0 % "
ProJet Fast Black 2 0.5 % "
Diethylene glycol mono-hexyl ether 8.0 % " 3.0 % "
Brij HLB 16.9 1.5 % " 0.5 % "
Brij HLB 12.9 1.5 % " 0.5 % "
Phosphate buffer 2.5 % " 2.5 % "
Preventol D6 0.1 % " 0.1 % "
Deionized water 78.4 % " 85.9 % "

- pH 8 8
- surface tension 29.6 dyne/cm 29.6 dyne/cm
- viscosity 2.8 mPa x s 1.5 mPa x s
- drying time 2 s 2 s
- water resistance DL* = 10.4 DL* = 1.5
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[0063] Ink compositions in accordance with this invention may be prepared by way of the usual laboratory or industrial
practices, known in the art; one method of preparation is described by way of example, the steps involved being sum-
marized below:

1- mixing of the three surface-active agents with small amounts of deionized water and subsequent agitation of
the mixture for a time of between 5 and 30 minutes, preferably for about 15 minutes, on a slightly heated plate so
that temperature of the mixture is maintained between ambient temperature and 50 °C
2- after all the surface-active agents have been completely dissolved, addition in order of the other components
(co-solvent, buffer solution, viscosity modifier and biocide), checking on each occasion the stability of the system;
3- addition of the dye (or dyes);
4- dilution to the established percentage using deionized water;
5- agitation of the mixture at ambient temperature for about 1 hour.

Claims

1. An ink composition for ink-jet printing, comprising water, a co-solvent, a soluble dye and a system of surface-active
agents including at least three non-ionic surface-active agents,
characterised in that

- one of said at least three non-ionic surface-active agents has an HLB of between 16 and 18 on the Griffin
Hydrophile-Lypophile Balance scale, and

- two of said at least three non-ionic surface-active agents have an HLB of between 10 and 14 on the Griffin scale.

2. The ink composition of claim 1., characterised in that at least one of the said at least three non-ionic surface-active
agents is diethylene glycol mono-hexyl ether.

3. The ink composition of claim 2., characterised in that the said diethylene glycol mono-hexyl ether is present in the
range from about 1 to about 15 %.

4. The ink composition of claim 1., characterised in that at least two of the said at least three non-ionic surface-active
agents are selected from a group consisting of fatty ethoxylate alcohols, nonyl phenol ethoxylate alcohols and a
mixture thereof.

5. The ink composition of claim 4., characterised in that said at least two of said at least three non-ionic surface-
active agents are each present in the range from about at 0.1 to about 2%.

6. The ink composition of claim 4., characterised in that said at least two of said at least three non-ionic surface-
active agents are the fatty ethoxylate alcohols Brij HLB 16.9 and Brij HLB 12.9 (Registered Trade Marks of Atlas
Powder).

7. The ink composition of claim 1., also comprising an aqueous solution, characterised in that the said aqueous
solution consists of deionized water and is present in percentages in the range from about 70 to about 90%.

8. The ink composition of claim 1., also comprising a solvent system, characterised in that the said solvent system
is selected from a group comprising glycols of low molecular weight, ethylene glycol, diethylene glycol; triethylene
glycol, propylene glycol, Carbowax 200, pentanediol, hexanediol, glycol ethers soluble in water, methyl-, ethyl-,
butyl cellosolve, methyl-, ethyl-, butyl carbinol, glycerol, 2-pyrrolidone, N-methyl-2-pyrrolidone, N-(2-hydroxyethyl)-

(continued)

- "feathering"
on Xerographic paper 4 3
on recycled paper 4 2

- definition good poor
- print quality

on recycled papers very good very good.
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2- pyrrolidone and a mixture thereof.

9. The ink composition of claim 8., characterised in that said solvent system is present in the range from about 1 to
about 10 %.

10. The ink composition of claim 8., characterised in that said solvent system is diethylene glycol in percentages in
the range from about 1 to about 10%.

11. The ink composition of claim 1., also comprising a dye system, characterised in that the said dye system consists
of dyes with a solubility in water of more than 3.5%.

12. The ink composition of claim 11., characterised in that said dyes are present in percentages in the range from
about 0.5 to about 4%.

13. The ink composition of claim 11., characterised in that said dyes are selected from a group consisting of Food
Black 2, Bayscript Schwarz N01 (Registered Trade Mark of Bayer), ProJet Black 1, ProJet Fast Black 2 (Registered
Trade Marks of ZENECA) and a mixture thereof.

14. The ink composition of claim 1., also comprising a pH regulator system, characterised in that the said regulator
system is selected from a group comprising phosphates, borates, carbonates, sodium acetates, potassium ace-
tates, ammonium acetates and a mixture thereof.

15. The ink composition of claim 1., also comprising a viscosity modifier system, characterised in that the said modifier
system is selected from a group consisting of polyvinyl pyrrolidone, polyglycols of high molecular weight, amides
and a mixture thereof.

16. The ink composition of claim 1., also comprising a biocide system, characterised in that the said biocide system
is selected from a group consisting of Preventol D6 and Proxel (Registered Trade Marks of Bayer and ICI respec-
tively) and a mixture thereof.

17. A method of preparing an ink in accordance with claim 1., the said method comprising the following phases:

- mix the said at least three surface-active agents with small amounts of deionized water,
- agitate the mixture for a time of between 5 and 30 minutes at a temperature of between 20 and 50 °C.

18. An ink composition in accordance with the foregoing claims, of the following characteristics:

- pH of between 7.5 and 8.5,
- viscosity between 1.2 and 5 mPa x s @ 25 °C,
- surface tension of between 25 and 38 dyne/cm @ 25 °C.

19. A printhead for thermal ink-jet printing, including a reservoir containing an ink, characterised in that the composition
of said ink is that of any one of the foregoing claims.

20. An ink reservoir for refillable printheads for thermal ink-jet printing, characterised in that the composition of said
ink is that of any one of the claims from 1. to 18.

21. A process suitable for thermal ink-jet printing, inclusive of the phases of:

- having available a printhead including a reservoir containing an ink,
- using said printhead on a thermal ink-jet printer to deposit droplets of the said ink on a medium,

characterised in that the composition of said ink is that of any one of the claims from 1. to 18.

Patentansprüche

1. Tintenzusammensetzung für den Tintenstrahldruck, umfassend Wasser, ein Co-Lösungsmittel, einen löslichen
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Farbstoff und ein System oberflächenaktiver Mittel, das zumindest drei nicht-ionische oberflächenaktive Mittel
enthält,
dadurch gekennzeichnet, daß

- eines der zumindest drei nicht-ionischen oberflächenaktiven Mittel einen HLB zwischen 16 und 18 auf der
Griffin-Hydrophilen-Lypophilen-Gleichgewichts-Skala hat und

- zwei dieser zumindest drei nicht-ionischen Oberflächen aktiven Mittel einen HLB zwischen 10 und 14 auf der
Griffin-Skala haben.

2. Tintenzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daß wenigstens eines der zumindest drei
nicht-ionischen oberflächenaktiven Mittel Diethylenglykolmonohexylether ist.

3. Tintenzusammensetzung nach Anspruch 2, dadurch gekennzeichnet, daß der Diethylenglykolmonohexylether in
einem Bereich von etwa 1 bis etwa 15% vorliegt.

4. Tintenzusammensetzung nach Anspruch 1, dadurch gekennzeichnet, daß wenigstens zwei der zumindest drei
nicht-ionischen oberflächenaktiven Mittel aus der Gruppe bestehend aus Fettethoxylatalkoholen, Nonylphenole-
thoxylatalkoholen und einer Mischung davon ausgewählt sind.

5. Tintenzusammensetzung nach Anspruch 4, dadurch gekennzeichnet, daß jedes von wenigstens zwei der zumin-
dest drei nicht-ionischen oberflächenaktiven Mittel in einem Bereich von etwa 0,1 bis etwa 2% vorliegt.

6. Tintenzusammensetzung nach Anspruch 4, dadurch gekennzeichnet, daß wenigstens zwei der zumindest drei
nicht-ionischen oberflächenaktiven Mittel die Fettethoxylatalkohole Brij HLB 16.9 und Brij HLB 12.9 (eingetragene
Marken von Atlas Powder) sind.

7. Tintenzusammensetzung nach Anspruch 1, auch umfassend eine wäßrige Lösung, dadurch gekennzeichnet, daß
die wäßrige Lösung aus deionisiertem Wasser besteht und in Prozentanteilen im Bereich von etwa 70 bis etwa
90% vorliegt.

8. Tintenzusammensetzung nach Anspruch 1, auch umfassend ein Lösungsmittelsystem, dadurch gekennzeichnet,
daß das Lösungsmittelsystem aus einer Gruppe bestehend aus Glykolen mit niedrigem Molekulargewicht, Ethy-
lenglykol, Diethylenglykol, Triethylenglykol, Propylenglkol, Carbowachs 200, Pentandiol, Hexandiol, wasserlösli-
chen Glykolethern, Methyl-, Ethyl-, Butylcellosolve, Methyl-, Ethyl-, Butylcarbinol, Glycerin, 2-Pyrrolidon, N-Methyl-
2-pyrrolidon, N-(2-Hydroxyethyl)-2-pyrrolidon und einer Mischung davon ausgewählt ist.

9. Tintenzusammensetzung nach Anspruch 8, dadurch gekennzeichnet, daß das Lösungsmittelsystem in einem Be-
reich von etwa 1 bis etwa 10% vorliegt.

10. Tintenzusammensetzung nach Anspruch 8, dadurch gekennzeichnet, daß das Lösungsmittelsystem Diethylengl-
kol in Prozentanteilen im Bereich von etwa 1 bis etwa 10% ist.

11. Tintenzusammensetzung nach Anspruch 1, auch umfassend ein Farbstoffsystem, dadurch gekennzeichnet, daß
das Farbstoffsystem aus Farbstoffen mit einer Löslichkeit in Wasser von mehr als 3,5% besteht.

12. Tintenzusammensetzung nach Anspruch 11, dadurch gekennzeichnet, daß die Farbstoffe in Prozentanteilen im
Bereich von etwa 0,5 bis etwa 4% vorliegen.

13. Tintenzusammensetzung nach Anspruch 11, dadurch gekennzeichnet, daß die Farbstoffe aus einer Gruppe be-
stehend aus Food Black 2, Bayscript Schwarz N01 (eingetragene Marke von Bayer), ProJet Black 1, ProJet Fast
Black 2 (eingetragene Marke von ZENECA) und einer Mischung davon ausgewählt sind.

14. Tintenzusammensetzung nach Anspruch 1, auch umfassend ein pH-Regulierungssystem, dadurch gekennzeich-
net, daß das Regulierungssystem aus einer Gruppe umfassend Phosphate, Borate, Carbonate, Natriumacetate,
Kaliumacetate, Ammoniumacetate und einer Mischung davon ausgewählt ist.

15. Tintenzusammensetzung nach Anspruch 1, auch umfassend ein Vikositätsmodifiziersystem, dadurch gekenn-
zeichnet, daß das Modifiziersystem aus einer Gruppe bestehend aus Polyvinylpyrrolidon, Polyglykolen mit hohem



EP 0 690 107 B1

13

5

10

15

20

25

30

35

40

45

50

55

Molekulargewicht, Amiden und einer Mischung davon ausgewählt ist.

16. Tintenzusammensetzung nach Anspruch 1, auch umfassend ein Biozid-System, dadurch gekennzeichnet, daß
das Biozid-System aus einer Gruppe bestehend aus Preventol D6 und Proxel (eingetragene Marken von Bayer
bzw. ICI) und einer Mischung davon ausgewählt ist.

17. Verfahren zur Herstellung einer Tinte nach Anspruch 1, wobei das Verfahren die folgenden Phasen umfaßt:

- Mischen der zumindest drei oberflächenaktiven Mittel mit geringen Mengen deionisierten Wassers,
- Rühren der Mischung für eine Zeit zwischen 5 und 30 Minuten bei einer Temperatur zwischen 20 und 50°C.

18. Tintenzusammensetzung nach den vorhergehenden Ansprüche mit den folgenden charakteristischen Eigenschaf-
ten:

- pH zwischen 7,5 und 8,5,
- Viskosität zwischen 1,2 und 5 mPa·s bei 25°C,
- Oberflächenspannung zwischen 25 und 38 dyne/cm bei 25°C.

19. Druckkopf für thermisches Tintenstrahldrucken, der einen Tinte enthaltenden Speicher beinhaltet, dadurch ge-
kennzeichnet, daß die Zusammensetzung der Tinte nach einem der vorhergehenden Ansprüche ist.

20. Tintenspeicher für wiederbefüllbare Druckköpfe für das thermische Tintenstrahldrucken, dadurch gekennzeichnet,
daß die Zusammensetzung der Tinte nach einem der Ansprüche 1 bis 18 ist.

21. Für thermisches Tintenstrahldrucken geeignetes Verfahren, einschließlich der Phasen:

- Vorhandensein eines Druckkopfes mit einem Tinte enthaltenden Speicher,
- Verwendung des Druckkopfes bei einem thermischen Tintenstrahldrucker, um Tröpfchen der Tinte auf einem

Träger abzuscheiden,

dadurch gekennzeichnet, daß die Zusammensetzung der Tinte nach einem der Ansprüche 1 bis 18 ist.

Revendications

1. Composition d'encre pour impression par jet d'encre, comprenant de l'eau, un co-solvant, un colorant soluble et
un système d'agents tensioactifs comprenant au moins trois agents tensioactifs non ioniques, caractérisée en ce
que

- l'un desdits au moins trois agents tensioactifs non ioniques a un indice HLB compris entre 16 et 80 sur l'échelle
du rapport hydrolipophile de Griffin, et

- deux desdits au moins trois agents tensioactifs non ioniques ont un indice HLB compris entre 10 et 14 sur
l'échelle de Griffin.

2. Composition d'encre selon la revendication 1, caractérisée en ce qu'au moins l'un desdits au moins trois agents
tensioactifs non ioniques est un éther monohexylique du diéthylèneglycol.

3. Composition d'encre selon la revendication 2, caractérisé en ce que ledit éther monohexylique du diéthylèneglycol
est présent en une quantité d'environ 1 à environ 15 %.

4. Composition d'encre selon la revendication 1, caractérisée en ce qu'au moins deux desdits au moins trois agents
tensioactifs non ioniques sont choisis dans le groupe consistant en les alcools gras éthoxylés, les nonylphénols
éthoxylés et leurs mélanges.

5. Composition d'encre selon la revendication 4, caractérisée en que lesdits au moins deux desdits au moins trois
agents tensioactifs non ioniques sont chacun présents en une quantité d'environ 0,1 à environ 2 %.

6. Composition d'encre selon la revendication 4 caractérisée en que lesdits au moins deux desdits au moins trois
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agents tensioactifs non ioniques sont les alcools gras éthoxylés Brij HLB 16.9 et Brij HLB 12.9 (marques déposées
d'Atlas Powder).

7. Composition d'encre selon la revendication 1, qui comprend aussi une solution aqueuse, caractérisée en ce que
ladite solution aqueuse est constituée d'eau désionisée et est présente en des quantités en pourcentage d'environ
70 à environ 90 %.

8. Composition d'encre selon la revendication 1, qui comprend aussi un système solvant, caractérisée en ce que
ledit système solvant est choisi dans l'ensemble comprenant les glycols à faible masse moléculaire, l'éthylènegly-
col, le diéthylèneglycol, le triéthylèneglycol, le propylèneglycol, le Carbowax 200, le pentanediol, l'hexanediol, les
éthers du glycol solubles dans l'eau, la méthyl-, l'éthyl-, la butylcellosolve, le méthyl-, l'éthyl-, le butylcarbinol, le
glycérol, la 2-pyrrolidone, la N-méthyl-2-pyrrolidone, la N-(2-hydroxyéthyl)-2-pyrrolidone et leurs mélanges.

9. Composition d'encre selon la revendication 8, caractérisée en que ledit système solvant est présent en une quantité
d'environ 1 à environ 10 %.

10. Composition d'encre selon la revendication 8, caractérisée en que ledit système solvant est constitué de diéthy-
lèneglycol, en des pourcentages compris entre environ 1 et environ 10 %.

11. Composition d'encre selon la revendication 1, qui comprend aussi un système colorant, caractérisé en ce que ledit
système colorant est constitué de colorants ayant une solubilité dans l'eau supérieure à 3,5 %.

12. Composition d'encre selon la revendication 11, caractérisée en que lesdits colorants sont présents en des quantités
en % d'environ 0,5 à environ 4 %.

13. Composition d'encre selon la revendication 11, caractérisée en que lesdits colorants sont choisis dans le groupe
consistant en le Food Black 2, le Bayscript Schwarz N01 (marque déposée de Bayer), le ProJet Black 1, le ProJet
Fast Black 2 (marques déposées de ZENECA) et leurs mélanges.

14. Composition d'encre selon la revendication 1, qui comprend aussi un système régulateur de pH, caractérisée en
ce que ledit système régulateur est choisi dans le groupe comprenant les phosphates, les borates, les carbonates,
les acétates de sodium, les acétates de potassium, les acétates d'ammonium et leurs mélanges.

15. Composition d'encre selon la revendication 1, qui comprend aussi un système modifiant la viscosité, caractérisée
en ce que ledit système modifiant est choisi dans le groupe consistant en la polyvinylpyrrolidone, les polyglycols
à grande masse moléculaire, les amides et leurs mélanges.

16. Composition d'encre selon la revendication 1, qui comprend aussi un système biocide, caractérisée en ce que
ledit système biocide est choisi dans le groupe consistant en le Prévintol D6 et le Proxel (marques déposées,
respectivement, de Bayer et de ICI) et leurs mélanges.

17. Procédé de préparation d'une encre selon la revendication 1, ledit procédé comprenant les phases suivantes :

- mélanges desdits au moins trois agents tensioactifs à de petites quantités d'eau désionisée,
- agitation du mélange pendant un laps de temps de 5 à 30 minutes à une température comprise entre 20 et

50°C.

18. Composition d'encre selon les revendications précédentes, ayant les caractéristiques suivantes :

- pH compris entre 7,5 et 8,5,
- viscosité comprise entre 1,2 et 5 mPa.s à 25°C,
- tension superficielle comprise entre 25 et 38 dyne/cm à 25°C.

19. Tête d'impression pour impression thermique par jet d'encre, qui comprend un réservoir contenant une encre,
caractérisée en ce que la composition de ladite encre est celle de l'une quelconque des revendications précéden-
tes.

20. Réservoir d'encre pour têtes d'impression rechargeable pour impression thermique par jet d'encre, caractérisé en
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ce que la composition de ladite encre est celle de l'une quelconque des revendications 1 à 18.

21. Procédé convenant à une impression thermique par jet d'encre, comprenant les phases suivantes :

- mise à disposition d'une tête thermique comprenant un réservoir qui contient une encre,
- utilisation de ladite tête d'impression sur une imprimante thermique à jet d'encre pour déposer des gouttelettes

de ladite encre sur un support,

caractérisé en ce que la composition de ladite encre est celle de l'une quelconque des revendications 1 à 18.
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